The effect of the antibiotic dihydrostreptomycin on the phagocytic and bactericidal ability of peritoneal macrophages obtained from mice has been investigated. In subliminal concentrations which did not influence the bacterial growth, the drug caused macrophages to ingest and kill bacteria (Escherichia coli) at a higher rate than did macrophages without antibiotic. The differences for phagocytosis and intracellular killing of E. coli with and without a subliminal amount of dihydrostreptomycin were statistically significant. Macrophages pretreated with the antibiotic did not demonstrate any enhancement of phagocytosis.
In dealing with infections, antibiotics-known for their bactericidal or bacteriostatic abilitiesare widely used. Cellular and humoral defense mechanisms on the other hand play an important role in killing bacteria. They consist of a number of partly unknown reactions which begin with the uptake of antigen by the macrophages and end with both production of specific antibodies and mediators of cellular immunity. The question of whether antibiotics influence cellular immunity in any way arises when chemotherapeutics are administered. Using antibiotics has sometimes been considered disadvantageous for the organism to produce a high level of antibodies since killing of bacteria by antibiotics would not leave sufficient antigenic material for the macrophages (9, 19, 22) .
In a previous study, we investigated the influence of the antibiotics polymyxin and gentamicin on the phagocytic activity of mouseperitoneal macrophages which were infected with Escherichia coli (1) . We demonstrated that gentamicin and polymyxin added in subliminal amounts caused macrophages to ingest and kill bacteria at a higher rate than without antibiotic. In this study, we used dihydrostreptomycin, another antibiotic from the aminoglycosid group from which is known that this substance does not penetrate into macrophages (6) (15) .
RESULTS
In the set up we used, optimal phagocytosis could be observed after 90 min. In all further experiments, phagocytosis was allowed to occur for this length of time. The optimal pH was 6.5. During this period, no extracellular proliferation (16) . Bacteria which had been phagocytized under the influence of antibiotics were killed intracellularly at a higher rate compared to bacteria phagocytized without an antibiotic (Fig. 2) . The difference in intracellular killing with and without addition of a subliminal antibiotic concentration is statistically significant. The calculation was carried out by the chi-square test (15) . The critical chi-square value for 1 degree of freedom is 6.63. All calculated chi-square values were higher. Again the concentration of dihydrostreptomycin was below the level required for killing of the bacteria. Control tubes without macrophages but with the same amount of antibiotic did neither increase nor decrease in number of bacteria. Only a combination of cells and antibiotics had this effect (Table 1 ). An activation of macrophages by the antibiotic could be excluded. Macrophages pretreated with 0.3 jAg of dihydrostreptomycin per ml for 2 hr did not show any enhanced phagocytosis (Fig. 3) . DISCUSSION Macrophages are part of the body's defense mechanism. They are functionally similar to tissue histiocytes such as Kupffer cells and also similar to circulating monocytes (23) . It is known that they take up antigen and break it down to metabolites of lower molecular weight (8) . The information is passed on and finally results in the production of specific antibodies (5, 10) and mediators of cellular immunity. In defending an organism against foreign particles, the function of macrophages is of utmost importance. Bacteria have to be opsonized to be phagocytized by macrophages. This fact explains the influence of the serum. The effect of specific immune serum is probably due to cytophilic antibodies (12) , which attach themselves to the surface of the macrophages and help to engulf bacteria.
In infectious diseases, antibiotics are administered. It has been suggested that an immediate therapy with antibiotics which eliminates microorganisms might decrease the supply of antigen for macrophages, and this in turn would make a rapid functioning of the body's own defense mechanisms less effective (9, 19, 22 Another factor in the elimination of bacteria is macrophages. This investigation and an earlier report (2) show that phagocytosis of bacteria by macrophages is increased in the presence of subliminal amounts of antibiotics (Table 1) .
We also observed a higher percentage of intracellular killed bacteria with subliminal amounts of antibiotic.
The result with dihydrostreptomycin is remarkable because this drug has a protein binding of 60%1o (20) and is additionally inactivated in an acid milieu.
Since macrophages have to ingest and kill microorganisms to "process" them into a form that is immunogenic (5, 18, 23) , there is no doubt that antibiotic therapy will at least ease the body's defense to fight infection.
In addition, we could show in a previous report that heat-labile bactericidal serum constituents support the effect of antibiotics against gram-negative microorganisms (1).
In certain immune deficiency states, antibiotics prove less effective in curing infections in spite of in vitro sensibility of the microorganism against the drug (3). This clinical observation demands further investigations on bactericidal potency of macrophages.
Since in our set up the antibiotics were administered before phagocytosis, these results do not contradict the findings of others reporting that phagocytized bacteria are protected from killing within the macrophages, when, in contrast to our procedure, antibiotics are only added after phagocytosis has occured (11, 13 (6) . Macrophages pretreated with dihydrostreptomycin did not show any enhanced phagocytosis (Fig. 3) . The conclusion is drawn that macrophages and a subliminal amount of antibiotic have a synergistic effect in killing bacteria.
